(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



111 



01) 



l 

EP0 903 719 A2 




(12) 



(43) Date of publication: 

24.03.1999 Bulletin 1999/12 

(21) Application number: 98305647.4 

(22) Date of filing: 15.07.1998 



EUROPEAN PATENT APPLICATION 

(51) int Cl. 6 : G09G 3/28 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 15.07.1997 JP 189443/97 

27.08.1997 JP 231039/97 

10.07.1998 JP 196016/98 

(71) Applicant: FUJITSU LIMITED 
Kawasaki-shl, Kanagawa211-8588(JP) 

(72) Inventors: 

• Nagaoka, Keishin, c/o Fujitsu Limited 
Kawasaki-shi, Kanagawa, 21 1-8588 (JP) 

• Tomio, Shigetoshi, c/o Fujitsu Limited 
Kawasaki-shi, Kanagawa, 211-8588 (JP) 

• Hirose, Tadatsugu, c/o Fujitsu Limited 
Kawasaki-shi, Kanagawa, 21 1-8588 (JP) 



• Kaneko, Keiichi, c/o Fujitsu Limited 
Kawasaki-shi, Kanagawa, 211-8588 (JP) 

• Kameyama, Shigekl, c/o Fujitsu Limited 
Kawasaki-shi, Kanagawa, 211-8588 (JP) 

• Kishi, Tomokatsu, c/o Fujitsu Limited 
Kawasaki-shi, Kanagawa, 211-8588 (JP) 

• Sakamoto, Tetsuya, c/o Fujitsu Limited 
Kawasaki-shi, Kanagawa, 211-8588 (JP) 

• Takamori, Takahiro, c/o Fujitsu Limited 
Kawasaki-shi, Kanagawa, 211 -8588 (JP) 

• Takagi, Akihiro, c/o Fujitsu Limited 
Kawasaki-shl, Kanagawa, 211-8588 (JP) 

(74) Representative: Hitching, Peter Matthew et al 
Haseltine Lake & Co., 
Imperial House, 
15-19 Kingsway 
London WC2B 6UD (GB) 



(54) Method and device for driving plasma display 



(57) A method for driving a plasma display panel ap- 
plies, within a subfield among the n subfiebs, a narrow- 
width pulse having a pulse width equal to or less than 2 
u.s to first electrodes (X) in order to cause an erase dis- 



charge while terminating a discharge caused between 
the first and second electrodes (X,Y), and applies a volt- 
age pulse to third electrodes (A) so that the voltage 
pulse falls at the same time as the narrow-width pulse 
falls. 
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Description 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

[0001] The present invention relates to a method and 
device for driving a plasma display. 
[0002] Recently, in display devices, there has been 
activity in increasing the screen size and the display 
density and improvements in the capability of displaying 
a variety of information and the flexibility of placement 
conditions. Examples of such display devices are a plas- 
ma display panel (PDP), a cathode-ray tube (CRT), a 
liquid crystal display (LCD), an electro-luminescence 
(EL), a fluorescent display tube and a light-emitting di- 
ode. The key factor in the above activity in the develop- 
ment of display devices is to increase the display quality. 
[0003] Particularly, there has been considerable ac- 
tivity in the development of the plasma display panel be- 
cause it has various advantages such as no flicker 
noise, easy implementation of a large-size screen, high 
luminance and long lifetime. The plasma display panel 
is categorized in a dual-electrode type and a triple-elec- 
trode type. The dual-electrode type realizes a selective 
discharge (address discharge) and a sustain discharge 
by means of two electrodes. The triple-electrode type 
realizes the address discharge by using the third elec- 
trode. A cobr plasma display panel capable of realizing 
gradation display has a mechanism such that a fluores- 
cent substance formed in a discharge cell is excited by 
a ultraviolet ray created by the discharge. However, 
there Is a disadvantage in that the fluorescent substrate 
is susceptible to impact of ions of positive charges si- 
multaneously generated by the discharge. The dual- 
electrode type has an arrangement in which the fluores- 
cent substance is directly hit by the ions, and the lifetime 
thereof may thus be shortened. 
[0004] The triple-electrode type utilizing a surface dis- 
charge can realize the color plasma display panel in 
which the above disadvantage is avoided. The triple- 
electrode type is categorized in a first arrangement and 
a second arrangement. In the first arrangement, the 
third electrode is formed on a substrate on which the 
first and second electrodes for the sustain discharge are 
arranged. In the second arrangement, the third elec- 
trode Is formed on another substrate opposite the sub- 
strate on which the first and second electrodes are ar- 
ranged. The first arrangement is categorized in two 
types. The first type has the third electrode arranged 
above the two electrodes for the sustain discharge. The 
second type has the third electrode arranged under the 
two electrodes. There are also a transparent type and 
a reflection type. In the transparent type, visible light 
emitted from the fluorescent substance is viewed 
through the fluorescent substance. In the reflection type, 
visible light is viewed alter it is reflected by the fluores- 
cent substance. The cells in which a discharge takes 



place are spatially isolated from adjacent cells by means 
of a rib or barrier. The barrier is provided in a first or 
second arrangement. In the first arrangement, the bar- 
rier is provided on the four sides of each discharge cell 

5 and completely seals the discharge cell. In the second 
arrangement, the barrier is arranged only in one direc- 
tion, spatial couplings in the other directions are imple- 
mented by an appropriate distance between the elec- 
trodes, in other words, an appropriate gap therebe- 

10 tween. 

[0005] The present invention is concerned with the 
plasma display panels. 

2. Description of the Related Art 

15 

[0006] The present specification is exemplarily direct- 
ed to a plasma display panel having the following ar- 
rangement. The first and second electrodes for the sus- 
tain electrode are formed on a first substrate, and the 

20 third electrode is formed on a second substrate opposite 
the first substrate. The barrier is formed only in the ver- 
tical direction, which is orthogonal to the first and second 
electrodes and is parallel to the third electrode. The sus- 
tain electrodes partially have a transparent electrode. 

25 [0007] Fig. 1 is a schematic plan view of a plasma dis- 
play panel having the above arrangement (which can be 
called a triple-electrode surface-discharge AC type 
plasma display panel). Fig. 2 schematically shows a ver- 
tical section of the plasma display panel, and Fig. 3 

30 schematically shows a horizontal section thereof. Figs. 
2 and 3 show only one discharge cell. 
[0008] The plasma display panel is generally formed 
of two glass plates. A front glass plate 18 is equipped 
with X electrodes 1 3 and Y electrodes 1 4, which function 

35 as sustain electrodes 1 9 extending in parallel. Each of 
the x electrodes 13 and the Y electrodes 14 is made up 
of a transparent electrode 1 9a and a bus electrode 1 9b. 
The transparent electrode 1 9a has a role of allowing re- 
flected light coming from a fluorescent substance 17 to 

40 pass therethrough. In this regard, the transparent elec- 
trode 1 9a is formed of ITO (which a transparent conduc- 
tive film having a main component of indium oxide). The 
bus electrode 19b is required to have a relatively low 
resistance in order to prevent occurrence of a voltage 

45 drop, and is thus made of, for example, Cr or Cu. The 
sustain electrodes 19 are covered by a dielectric layer 
(glass layer) 20. A MgO film 21 serving as a protection 
film is formed on a discharge surface of the dielectric 
layer 20, 

so [0009] A back glass plate 16 is opposite the front glass 
plate 1 8. Address (opposing) electrodes 1 5 are provided 
on the back glass plate 16 so that the address elec- 
trodes 15 are orthogonal to the sustain electrodes 19. 
Barriers 11 are respectively provided between the ad- 

55 dress electrodes 15. The fluorescent substances 17 
each having the red, green and blue light emitting per- 
formance are respectively provided between the barri- 
ers 11 so that the fluorescent substances 17 cover the 
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respective address electrodes 15. The glass plates 16 
and 1 8 are assembled Into a unit so that the tops ol the 
barriers 11 tightly contact the MgO film 21. 
[001 0] Fig. 4 is a waveform diagram of a conventional 
electrode driving operation on the plasma display panel 5 
shown in Figs. 1 through 3. More particularly, Fig. 4 
shows one subfield period in a conventional "address 
period/sustain discharge period separation type write 
address system". 

[0011] In the example shown in Fig. 4, one subfield is 10 
segmented into a reset period, an address period and 
a sustain discharge period. During the reset period, all 
the Y electrodes Y r Y N are reset to 0 V, and simultane- 
ously a whole screen write pulse of a voltage Vs + Vw 
(approximately equal to 330 V) is applied to the X elec- is 
trodes. Hence : irrespective of the previous display state, 
all cells of ail display lines are discharged. The potentials 
of the address electrodes at that time are approximately 
equal to 100 V (Vaw). Next, the potentials of the x elec- 
trodes and Ihe address electrodes are changed to 0 V, 20 
a discharge is started in all the cells in such a way that 
the voltage of the wall charge itself exceeds a discharge 
starting voltage. In the above discharge, the wall charge 
is not formed because there is no potential difference 
between the electrodes. Hence, the space charge is 2s 
6elf -neutralized and the discharge is ceased. That is, 
the self-erase discharge occurs. By the serf-erase dis- 
charge, all the cells in the panel are changed to an even 
state having no wall charge. The reset period functions 
to set all the cells to the even state irrespective of the 30 
lighting states of the cells during the previous subfield. 
Hence, the next address (write) discharge can stably be 
caused. 

[001 2] In the address period subsequent to the reset 
period, the address discharge is caused in line-sequen- 
tial formation in order to turn ON or OFF of the cells in 
accordance with display data. First, a scan pulse of a 
-Vy level (approximately equal to -150 V) is serially ap- 
plied to the Y electrodes, and an address pulse of a volt- 
age Va (approximately equal to 50 V) is selectively ap- 
plied to address electrodes required to cause the sus- 
tain discharge, that is, the address electrodes corre- 
sponding to cells to be lighted. Hence, a discharge oc- 
curs between the address electrode and the Y electrode 
of each cell to be lighted. The above discharge functions 
as a priming, and immediately shifts to a discharge be- 
tween the X electrode (voltage Vx is equal to 50 V) and 
the Y electrode. The former discharge will be referred 
to as priming address discharge, and the later discharge 
will be referred to as a main address discharge. Hence, 
a number of wall charges sufficient to realize the sustain 
discharge is accumulated in the MgO surface 21 on the 
X and Y electrodes. 

[001 3] The same operation as described above is car- 
ried out in each of the other display lines, new display 
data is written into all the display lines. 
[0014] During the sustain discharge period subse- 
quent to the address period, a sustain pulse of a voltage 



Vs (approximately equal to 180 V) is alternatively ap- 
plied to the Y electrodes and the X electrodes. Hence, 
image of one subfield can be displayed. In the address 
period/sustain discharge separation type write address 
system, the luminescence depends on the length of the 
sustain discharge period, that is, the number of times 
that the sustain pulse is repeatedly applied. 
[0015] Fig. 5 is a timing chart of the address period/ 
sustain discharge separation type write address sys- 
tem, and more particularly exemplarily shows a display 
method for implementing a 16-gradation display. In the 
present example, one frame is segmented into four sub- 
fields SF1 . SF2, SF3 and SF4, which have an identical 
reset period and an identical address period. The 
lengths of the sustain discharge in the subfields SF1 , 
SF2, SF3 and SF4 have a ratio of 1 :2:4:8. The 16-gra- 
dation display can be realized by selecting subfields to 
be lighted. 

[0016] The subfields of the above-mentioned driving 
method have the respective reset periods, in each of the 
reset periods the whole screen write discharge is 
caused by applying the whole screen write pulse to the 
X electrodes. Hence, lighting is carried out during the 
reset period of each subfield, whereas the reset period 
does not contribute to image display. The above lighting 
serves as a factor which degrades the contrast of dis- 
played image. 

[0017] U.S. Patent Application S.N. 695,061 filed on 
August 2, 1 996 discloses an improved method having a 
reduced number of times per frame that the whole 
screen write pulse is repeatedly applied and realizing 
an improved contrast. The disclosure of the above ap- 
plication is hereby incorporated by reference. In the 
above method, the whole screen write discharge is 
caused only in some subfields, and only the erase dis- 
charge is caused for the reset periods of the remaining 
subfields. Hence, it is possible to reduce the number of 
times that the whole screen write discharge is repeat- 
edly caused and to realize an imp roved contrast in which 
lighting which does not contribute to image display is 
suppressed. 

[001 8] The voltages of various pulses used to correct- 
ly light ON cells and not to light OFF cells at all have 
tolerable ranges. The minimum voltage level of each of 
the tolerable ranges and the maximum voltage level 
thereof define a respective drive voltage margin. 
[001 9] A first problem about the drive voltage margin 
will now be described. In narrow-width pulse erasing in 
the address electrodes of a simple matrix panel (dual 
poles), in order to cut an externally applied voltage dur- 
ing the time when a discharge is being formed, most 
charged particles created at the time of discharging re- 
main in the discharge cell spaces. Then, the charged 
particles are adhered to the wall charges on the panel 
dielectric layer due to electrostatic attracting force, and 
are recombined and erased on the wall surfaces. In the 
triple-electrode panel having the surface discharge 
electrodes, the narrow-width pulse erasing operation is 
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caused on the surface discharge electrodes on the iden- 
tical plate. Hence, the charged particles in the discharge 
cell spaces are susceptible to the potentials of the ad- 
dress electrodes. 

[0020] Fig. 6 shows residual wall charges, and more 5 
particularly shows that the address electrodes have a 
voltage Va while the neutralizing discharge using the 
narrow-width pulse takes place. In this case, a huge 
number of minus charges is accumulated on the ad- 
dress electrodes, and a failure in erasing thus takes 10 
place. Fig. 7 also shows residual wall charges, and more 
particularly shows the address electrodes are at the 
ground level GND while the neutralizing discharge using 
the narrow-width pulse takes place. In this case, a huge 
number of plus charges is accumulated on the address is 
electrodes, and the erasing thus fails. 
[0021] In the cases shown in Figs. 6 and 7, the failure 
in erasing prevents selective formation of wall charges 
within the subsequent address period, and thus de- 
grades the drive voltage margin. 20 
[0022] A second problem about the drive voltage mar- 
gin will now be described. In the erasing using the nar- 
row-width pulse within the reset period, if the discharge 
is started earlier than the expected start timing due to 
ah unevenness of the performance of the pixels and/or 25 
variations in the temperature condition, the wall charges 
may not be erased sufficiently. Additionally, wall charges 
may be formed which have the polarity opposite to the 
polarity which the charges have before the erasing. This 
degrades the drive voltage margin. so 
[0023] A description will now be given of a third prob- 
lem about the drive voltage margin. Fig. 8 shows an in- 
fluence by a very weak discharge, and more particularly 
shows the pulses respectively applied to the address, X 
and Y electrodes and a discharge light pulse. The dis- 35 
charge light pulses include a very weak light, which is 
located in the interval between the sustain discharge 
pulse and the next sustain discharge pulse. The very 
week discharge does not affect the next sustain dis- 
charge itself. Hence, the sustain discharge can certainly *o 
take place repeatedly. 

[0024] However, the inventors found that the very 
weak discharge greatly affects the erase discharge 
(which uses the narrow-width pulse in Fig. 8) within the 
reset period. More particularly, the very weak discharge 
decreases the wall charges formed by the sustain dis- 
charge, and prevents the normal erase discharge. 
Hence, the erasing of the wall charges fails. This reduc- 
es the drive voltage margin. 

[0026] A description will now be given of a fourth prob- so 
lem about the drive voltage margin. The fourth problem 
is serious particularly in the high-contrast driving dis- 
closed in the aforementioned patent. In the proposed 
high-contrast driving, only the erase discharge is made 
to take place within the reset period except for .some ss 
subfields. The inventors found that if an erase pulse is 
applied so as to erase only cells which are lighted during 
the immediately previous subfieid, the capability of eras- 



ing the residual wall charges on the address electrode 
is degraded as compared to the case where the whole 
screen write discharge causing the self-erase is em- 
ployed. As an increased number of subfields has been 
processed, an increased number of residual wall charg- 
es is accumulated on the address electrodes. Hence, 
the whole screen write discharge for the next frame has 
an increased load. Hence, the cells do not have an even 
potential even after the whole screen write discharge is 
caused. Further, an increased load affects the following 
address discharges. The above thus decreases the 
drive voltage margin. 

[0026] A fifth problem about the drive voltage margin 
will now be described. Fig. 5 which has been described 
shows the reset periods, address periods, sustain dis- 
charge periods and pause periods. A variation in the to- 
tal time of the drive periods due to a variation in the 
number of times that the discharge sustain voltage pulse 
Is repeatedly applied changes the pause periods. 
Hence, the discharges caused by the voltage pulse ap- 
plied after the pause periods take place in different man- 
ners. Hence, the number of wall charges to be reset is 
changed, so that the drive voltage margin is degraded. 
[0027] A sixth problem about the drive voltage margin 
will be described below. The sixth problem is serious 
particularly in the high-contrast driving. As has been de- 
scribed, only the erase discharge is caused during the 
reset period except for some subfields. A single voltage 
pulse used for the erase discharge cannot reset the 
charges completely. This leads to a failure in erasing 
and thus decreases the drive voltage margin. 
[0028] The erasing of the wall charges using the erase 
pulse in which the voltage thereof is continuously 
changed uses a non-linear waveform depending on a 
resistor and a panel capacitance in order to use a simple 
circuit configuration. If the discharge takes place in a 
very slant portion of the waveform of the erase pulse, a 
failure in erasing takes place. 

SUMMARY OF THE INVENTION 

[0029] It is a general object of the present invention 
to provide a method and device for driving a plasma dis- 
play in which the above disadvantages are eliminated. 
[0030] A more specific object of the present invention 
is to provide a method and device for driving a plasma 
display having an improved drive voltage margin. 
[0031] The above objects of the present invention are 
achieved by a method for driving a plasma display panel 
having first and second plates opposite each other, 
wherein first and second electrodes are formed on the 
first plate in parallel and third electrodes are formed on 
the second plate so as to be orthogonal to the first and 
second electrodes, and wherein one frame of image in- 
cludes n subfields (n an integer), and each of the n sub- 
fields includes a reset period for causing an erase dis- 
charge to equalize states of wall charges in display cells 
of the panel, an address period for forming wall charges 
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in the display cells, and a sustain discharge period for 
causing a sustain discharge based on the wall charges 
formed during the address period by repeatedly apply- 
ing a sustain discharge pulse to the panel, said method 
comprising the steps of: applying, within a subfield 
among the n subfields, a narrow-width pulse having a 
pulse width equal to or less than 2 u,s to the first elec- 
trodes in order to cause the erase discharge; and ap- 
plying a voltage pulse to the third electrodes so that the 
voltage pulse falls at the same time as the narrow-width 
pulse falls. Hence, it is possible to solve the above-men- 
tioned first problem and avoid an influence of the poten- 
tial of the third electrodes at the time of performing the 
erase discharge using the narrow-width pulse. 
[0032] The above method may be configured so that: 
the n subfields include a subfield A during which a whole 
screen discharge and the erase discharge are both 
caused, and a subfield B during which the erase dis- 
charge is caused without causing the whole screen dis- 
charge; and the erase discharge during the reset period 
of at least the subfield B is caused by the narrow-width 
pulse. Hence it is possible to solve the first problem and 
realize a stable operation without creating a large 
number of wall charges. 

[0033] The above objects of the present invention are 
also achieved by a method for driving a plasma display 
panel wherein one frame of image includes n subfields, 
and each of the n subfields includes a reset period for 
causing an erase discharge to equalize states of wall 
charges in display cells of the panel, an address period 
for forming wall charges in the display cells, and a sus- 
tain discharge period for causing a sustain discharge 
based on the wall charges formed during the address 
period by repeatedly applying a sustain discharge pulse 
to the panel, said method comprising the steps of: ap- 
plying, within the reset period, a narrow-width pulse hav- 
ing a pulse width equal to or less than 2 u,s to the first 
electrodes in order to cause a first erase discharge; and 
applying, within the reset period, an erase pulse to the 
second electrodes in order to cause a second erase dis- 
charge, the erase pulse continuously changing a volt- 
age applied to the second electrodes. Hence, it is pos- 
sible to solve the second problem and to prevent erase 
wall charges having the inverted polarity. 
[0034] The above method may be configured so that 
an interval between the narrow-width pulse and the 
erase pulse is equal to or greater than 10 u.s. Hence, it 
is possible to reduce a variation in the number of wall 
charges and thus to more certainly perform the reset op- 
eration. Hence, it is possible to stabilize the wall charges 
which are instable due to the first erase discharge by 
the narrow-width pulse and more certainly erase the sta- 
bilized wall charges by the second erase discharge. 
[0035] The above objects of the present invention are 
also achieved by a method for driving a plasma display 
panel wherein one frame of image includes n subfields, 
and each of the n subfields includes a reset period for 
causing an erase discharge to equalize states of wall 



charges in display cells of the panel, an address period 
for forming wall charges in the display cells, and a sus- 
tain discharge period for causing a sustain discharge 
based on the wall charges formed during the address 

s period by repeatedly applying a sustain discharge pulse 
to the panel, said method comprising the step of: repeat- 
edly applying, within a given subfield among the n sub- 
fields, the sustain discharge pulse so that a last sustain 
discharge pulse within the sustain discharge period has 

io a pulse width longer than remaining sustain discharge 
pulses applied within the sustain discharge period. 
Hence it is possible to solve the third problem and to 
cause charged particles created by the sustain dis- 
charge pulses to be wall charges. Hence the priming ef- 

is feet due to space charges can be reduced. Thus, it is 
possible to prevent a very weak discharge from occur- 
ring after the last sustain discharge pulse within the sus- 
tain discharge period. 

[0036] The above method may be configured so that: 

20 the n subfields include a subfield A during which a whole 
screen discharge and the erase discharge are both 
caused, and a subfield B during which the erase dis- 
charge is caused without causing the whole screen dis- 
charge; and said given subfield is disposed immediately 

2S before the subfield B. It is thus possible to prevent a very 
weak discharge from occurring after the last sustain dis- 
charge pulse within the sustain discharge period. 
[0037] The above objects of the present invention are 
also achieved by a method for driving a plasma display 

30 panel wherein one frame of image includes n subfields, 
and each of the n subfields includes a reset period for 
causing an erase discharge to equalize states of wall 
charges in display cells of the panel, an address period 
for forming wall charges in the display cells, and a sus- 

35 tain discharge period for causing a sustain discharge 
based on the wall charges formed during the address 
period by repeatedly applying a sustain discharge pulse 
to the panel, said method comprising the step of: apply- 
ing, within a given subfield among the n subfields, an 

40 erase pulse for causing the erase discharge within the 
reset period at a first interval from a last sustain dis- 
charge pulse in the subfield located immediately before 
the given subfield, said first interval being equal to a sec- 
ond interval at which sustain discharge pulses repeat- 

45 edly applied are arranged. It is thus possible to prevent, 
even if a very weak discharge is caused, the erase dis- 
charge from being affected by the very weak discharge. 
[0038] The above method may be configured so that: 
the n subfields include a subfield A during which a whole 

so screen discharge and the erase discharge are both 
caused, and a subfield B during which the erase dis- 
charge is caused without causing the whole screen dis- 
charge; and said given subfield corresponds to the sub- 
field B. It is thus possible to prevent, even if a very weak 

55 discharge is caused in the subfield B, the erase dis- 
charge from being affected by the very weak discharge. 
[0039] The above method may be configured so that 
an interval between the erase pulse in the subfield B 



S 



BNSDOCID: <EP 08037 19A2_I_> 



9 



EP0 903 719 A2 



10 



and the last sustain discharge pulse located immediate- 
ly before said subfieid B is equal to or less than 2 us. 
Hence it is possible to perform the erase discharge in 
the next subfieid B immediately after the last sustain dis- 
charge pulse is applied. 

[0040] The above objects of the present invention are 
also achieved by a method for driving a plasma display 
panel wherein one frame of image includes n subfields, 
and each of the n subfields includes a reset period for 
causing an erase discharge to equalize states of wall 
charges in display cells of the panel, an address period 
for forming wall charges in the display cells, and a sus- 
tain discharge period for causing a sustain discharge 
based on the wall charges formed during the address 
period by repeatedly applying a sustain discharge pulse 
to the panel, said method comprising the step of: apply- 
ing a voltage pulse to the third electrodes so that the 
voltage pulse falls at the same time as a last sustain 
discharge pulse is applied within the sustain discharge 
period of a subfieid located immediately before the reset 
period of a subfieid within which no whole screen write 
discharge is caused. Hence it is possible to equalize the 
wall charges on the third electrodes and to more cer- 
tainly perform the reset operation. 
[0041] The above objects of the present invention are 
achieved by a method for driving a plasma display panel 
wherein one frame of image includes n subfields, and 
each of the n subfields includes a reset period for caus- 
ing an erase discharge to equalize states of wall charges 
in display cells of the panel, an address period for form- 
ing wall charges in the display cells, and a sustain dis- 
charge perbd for causing a sustain discharge based on 
the wall charges formed during the address period by 
repeatedly applying a sustain discharge pulse to the 
panel, said method comprising the step of: repeatedly 
applying the sustain discharge pulse within the sustain 
discharge period at an interval equal to or less than 1 
[is. Hence, it is possible to perform the sustain discharge 
before the space charges due to a very weak discharge 
are settled to wall discharges. Thus the wall charges on 
the third electrodes can be reduced and the load on the 
erase discharge caused during the reset period can be 
reduced. 

[0042] The above objects of the present invention are 
also achieved by a method for driving a plasma display 
panel having first and second plates opposite each oth- 
er, wherein first and second electrodes are formed on 
the first plale in parallel and third electrodes are (ormed 
on the second plate so as to be orthogonal to the first 
and second electrodes, and wherein one frame of image 
includes n subfields, and each of the n subfields in- 
cludes a reset period for causing an erase discharge to 
equalize states of wall charges in display cells of the 
panel, an address period for forming wall charges in the 
display cells, and a sustain discharge period for causing 
a sustain discharge based on the wall charges formed 
during the address period by repeatedly applying a sus- 
tain discharge pulse to the panel, said method compris- 



ing the step of: causing, within the reset period of a sub- 
field A among the n subfields, both a whole screen write 
discharge and the erase discharge so that the erase dis- 
charge is caused first and the whole screen write dis- 

s charge is caused second. Hence it is possible to solve 
the fourth problem and to set the residual wall charges 
to an identical state before the whole screen write dis- 
charge. Thus, the load on the whole screen write dis- 
charge can be reduced. Hence it is possible to more per- 

10 fectly erase the charges accumulated on the third elec- 
trodes. 

[0043] The above method may be configured so that 
it further comprises the step of causing, within the reset 
period of a subfieid B among the n subfields, only the 

75 erase discharge without the whole screen discharge. 
Hence it is possible to solve the fourth problem and to 
set the residual wall charges to an identical state before 
the whole screen write discharge. Thus, the load on the 
whole screen write discharge can be reduced. Hence it 

20 is possible to more perfectly erase the charges accumu- 
lated on the third electrodes. 

[0044] The above method may be configured so that 
it further comprises the step of causing the erase dis- 
charge before the whole screen write discharge by re- 

25 peatedly applying a narrow-width pulse having a pulse 
width equal to or less than 2 [is to the first electrodes or 
repeatedly applying an erase pulse continuously chang- 
ing a voltage applied to the second electrodes or by re- 
peatedly applying both the narrow- width pulse and the 

30 erase pulse. Hence it is possible to solve the fourth prob- 
lem and to set the residual wall charges to an identical 
state before the whole screen write discharge. Thus, the 
load on the whole screen write discharge can be re- 
duced. Hence it is possible to more perfectly erase the 

35 charges accumulated on the third electrodes. 

[0045] The above method may be configured so that: 
the erase discharge is caused within the reset period 
before the whole screen write discharge is caused; and 
a voltage of 0 V is applied to the third electrodes when 

40 the erase discharge is caused. Thus, the load on the 
whole screen write discharge can be reduced. Hence it 
is possible to more perfectly erase the charges accumu- 
lated on the third electrodes. 

[0046] The above method may be configured so that 
45 the n subfields include a subfieid A during which the 
whole screen discharge and the erase discharge are 
both caused during the reset period, and a subfieid B 
during which the erase discharge is caused without 
causing the whole screen discharge during the reset pe- 
so riod. Thus, the load on the whole screen write discharge 
can be reduced. Hence it is possible to more perfectly 
erase the charges accumulated on the third electrodes. 
[0047] The above objects of the present invention are 
also achieved by a method for driving a plasma display 
55 panel having first and second plates opposite each oth- 
er, wherein first and second electrodes are formed on 
the first plate in parallel and third electrodes are formed 
on the second plate so as to be orthogonal to the first 
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and second electrodes, and wherein one frame of image 
includes n subfields, and each of the n subfields in- 
cludes a reset period for causing an erase discharge to 
equalize states of wall charges in display cells of the 
panel, an address period for forming wall charges in the 
display cells, and a sustain discharge period for causing 
a sustain discharge based on the wall charges formed 
during the address period by repeatedly applying a sus- 
tain discharge pulse to the panel, said method compris- 
ing the step of: causing, within the reset period of a sub- 
field A among the n subfields, both a whole screen write 
discharge and the erase discharge by applying a nar- 
row-width pulse equal to or less than 2 us to the third 
electrodes to cause the erase discharge after a whole 
screen write pulse causing the whole screen write dis- 
charge tails. Hence it is possible to erase the charges 
accumulated on the third electrodes more completely 
and to equalize the wall charges. 
[0048] The above method may further comprise the 
step of applying the narrow-width pulse to the third elec- 
trodes within 10 jas after the whole screen pulse falls. 
Hence it is possible to erase the charges accumulated 
on the third electrodes more completely and to certainly 
equalize the wall charges. 

[0049] The above method may further comprise the 
step of applying, within the reset period, an erase pulse 
continuously changing a voltage applied to the second 
electrodes after the whole screen write pulse falls. 
Hence it is possible to erase the charges accumulated 
on the third electrodes more completely and to certainly 
equalize the wall charges. 

[0050] The above objects of the present invention are 
achieved by a method for driving a plasma display panel 
wherein one frame of image includes n subfields weight- 
ed, and each of the n subfields includes a reset period 
for causing an erase discharge to equalize states of wall 
charges in display cells of the panel, an address period 
for forming wall charges in the display cells, and a sus- 
tain discharge period for causing a sustain discharge 
based on the wall charges formed during the address 
period by repeatedly applying a sustain discharge pulse 
to the panel, the sustain discharge period of each of the 
n subfields being based on weighting applied thereto, 
said method comprising the steps of: causing, within the 
reset period of a subfield A among the n subfields, both 
a whole screen writedischargeand the erase discharge; 
and causing, within the reset period of a subfield B 
among the n subfields, the erase discharge without the 
whole screen write discharge, the reset period within 
which both the whole screen write discharge and the 
erase discharge are caused being disposed after a 
shortest sustain discharge period defined by the weight- 
ing. Hence it is possible to solve the fourth problem and 
to set the residual wall charges to an identical state be- 
fore the whole screen write discharge. Thus, the load 
on the whole screen write discharge can be reduced. 
Hence it is possible to more perfectly erase the charges 
accumulated on the third electrodes. 



[0051] The above objects of the present invention are 
also achieved by a method for driving a plasma display 
panel wherein one frame of image includes n subfields 
weighted, and each of the n subfields includes a reset 
s period for causing an erase discharge to equalize states 
of wall charges in display cells of the panel, an address 
period for forming wall charges in the display cells, and 
a sustain discharge period for causing a sustain dis- 
charge based on the wall charges formed during the ad- 
10 dress period by repeatedly applying a sustain discharge 
pulse to the panel, the sustain discharge period of each 
of the n subfields being based on weighting applied 
thereto, said method comprising the steps of: causing, 
within the reset period of a subfield A among the n sub- 
's fields, both a whole screen write discharge and the 
erase discharge; and causing, within the reset period of 
a subfield B among the n subfields, the erase discharge 
without the whole screen write discharge, the reset pe- 
riod within which both the whole screen write discharge 
20 and the erase discharge are caused being disposed af- 
ter a longest sustain discharge period defined by the 
weighting. Hence, the whole screen write discharge is 
caused when the largest number of charges is accumu- 
lated on the third electrodes. Thus it is possible to effi- 
2S ciently perform the whole screen write discharge and to 
more completely erase the charges accumulated on the 
third electrodes. 

[0052] The above objects of the present invention are 
also achieved by a method for driving a plasma display 

30 panel wherein one frame of image includes n subfields 
weighted and a pause period du ring which no drive puls- 
es are output, and each of the n subfields includes a 
reset period for causing an erase discharge to equalize 
states of wall charges in display cells of the panel, an 

35 address period for forming wall charges in the display 
cells, and a sustain discharge period for causing a sus- 
tain discharge based on the wall charges formed during 
the address period by repeatedly applying a sustain dis- 
charge pulse to the panel, the sustain discharge period 

40 of each of the n subfields being based on weighting ap- 
plied thereto, said method comprising the step of: caus- 
ing, within the reset period of a subfield A among the n 
subfields, both a whole screen write discharge and the 
erase discharge, said pause period being a self -erasing 

45 period after a whole screen write pulse for causing the 
whole screen write discharge is caused. Hence it is pos- 
sible to solve the fifth problem and to reduce a variation 
in a drive voltage margin dependent on the length of the 
pause period. 

so [0053] The above method may further comprise the 
step of causing, within the reset period of a subfield B 
among the n subfields, the erase discharge without the 
whole screen write discharge, the pause period being 
located after the subfield A. Hence it is possible to more 

ss effectively reduce a variation in a drive voltage margin 
dependent on the length of the pause period. 
[0054] The above objects of the present invention are 
also achieved by a method for driving a plasma display 
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panel having first and second plates opposite each oth- 
er, wherein first and second electrodes are formed on 
the first plate in parallel and third electrodes are formed 
on the second plate so as to be orthogonal to the first 
and second electrodes, and wherein one frame of image 
includes n subfields, and each of the n subfields in- 
cludes a reset period for causing an erase discharge to 
equalize states of wall charges in display cells of the 
panel, an address period for forming wall charges in the 
display cells, and a sustain discharge period for causing 
a sustain discharge based on the wali charges formed 
during the address period by repeatedly applying a sus- 
tain discharge pulse to the panel, said method compris- 
ing the steps of: applying, within the reset period, a nar- 
row-width pulse having a pulse width equal to or less 
than 2 us to the first electrodes; and applying, within the 
reset period, erase pulses continuously changing a volt- 
age applied to the second electrodes so that a first erase 
pulse continuously changing the voltage in a positive di- 
rection is applied after the narrow-width pulse is applied, 
and then a second erase pulse continuously changing 
the voltage in a negative direction or an erase pulse in 
the negative direction is applied to the second elec- 
trodes. Hence it is possible to solve the sixth problem 
and to more certainly erase the residual wall charges 
before the address selective discharge and improve the 
drive voltage margin. 

[0055] The above method may be configured so that 
it further comprises the step of applying a third erase 
pulse continuously changing the voltage in the positive 
direction. Hence it is possible to more certainly erase 
the residual wall charges before the address selective 
discharge and improve the drive voltage margin. 
[0056] The above method may be configured so that 
an n+1th erase pulse has a pulse width longer than that 
of an nth erase pulse. Hence it is possible to solve the 
sixth problem and to more certainly erase the residual 
wall charges before the address selective discharge and 
improve the drive voltage margin. 
[0057] The above objects of the present invention are 
also achieved by a method for driving a plasma display 
panel having first and second plates opposite each oth- 
er, wherein first and second electrodes are formed on 
the first plate in parallel and third electrodes are formed 
on the second plate so as to be orthogonal to the first 
and second electrodes, and wherein one frame of image 
includes n subfields, and each of the n subfields in- 
cludes a reset period for causing an erase discharge to 
equalize states of wall charges in display cells of the 
panel, an address period for forming wall charges in the 
display cells, and a sustain discharge period for causing 
a sustain discharge based on the wail charges formed 
during the address period by repeatedly applying a sus- 
tain discharge pulse to the panel, said method compris- 
ing the steps of: applying, within the reset period, a nar- 
row-width pulse having a pulse width equal to or less 
than 2 us to the first electrodes; and applying, within the 
reset period, erase pulses continuously changing a volt- 



age applied to the second electrodes so that a first erase 
pulse continuously changing the voltage in a positive di- 
rection is applied after the narrow-width pulse is applied, 
and then a second erase pulse continuously changing 

s the voltage in a position direction is applied to the first 
electrodes. Hence it is possible to solve the sixth prob- 
lem and to more certainly erase the residual wall charg- 
es before the address selective discharge and improve 
the drive voltage margin. 

w [0058] It may be preferable that the erase pulses 
steeply rise. However, in practice, the erase pulses are 
generated by a resistor and a panel capacitor and rise 
non-linearly. In this case, it is desired that discharge 
takes place in a gentle portion of the waveforms of the 

15 erase pulses. With the above in mind, there is provided 
a method for driving a plasma display panel having first 
and second plates opposite each other, wherein first and 
second electrodes are formed on the first plate in paral- 
lel and third electrodes are formed on the second plate 

20 so as to be orthogonal to the first and second electrodes, 
and wherein one frame of image includes n subfields, 
and each of the n subfields includes a reset period for 
causing an erase discharge to equalize states of wall 
charges in display cells of the panel, an address period 

25 for forming wall charges in the display cells, and a sus- 
tain discharge period for causing a sustain discharge 
based on the wall charges formed during the address 
period by repeatedly applying a sustain discharge pulse 
to the panel, said method comprising the step of: con- 

30 secutively applying, within the reset period, a plurality 
of reset pulses which erase wall charges and continu- 
ously change a voltage applied to any of the first, second 
and third electrodes in order to cause a discharge at a 
voltage close to a discharge start voltage. Hence, it is 

35 possible to stably and certainly erase (reset) the wall 
charges in the cells having different discharge start volt- 
ages at voltages close to the respective discharge start 
voltages. 

[0059] The above method may further comprise the 
40 steps of: applying the plurality of reset pulses to the first 
electrodes; and setting the second voltages to different 
potentials respectively corresponding to the plurality of 
reset pulses. Hence, it is possible to stably and certainly 
erase the wall charges in the cells having different dis- 
45 charge start voltages at voltages close to the respective 
discharge start voltages. 

[0060] The above method may further comprise the 
steps of: applying the plurality of reset pulses to the first 
electrodes; and setting the third voltages to different po- 

50 tentials respectively corresponding to the plurality of re- 
set pulses. Hence, it is possible to stably and certainly 
erase (reset) the wall charges in the cells having differ- 
ent discharge start voltages at voltages close to the re- 
spective discharge start voltages. 

55 [0061] The above method may be configured so that 
the plurality of reset pulses have an identical voltage 
slope. Thus, a sample circuit can be used which gener- 
ates the reset pulses. 
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[0062] The above method may be configured so that 
a maximum potential difference between the first and 
second electrodes in response to an n+1th reset pulse 
among the plurality of reset pulses is greater than that 
in response to an nth reset pulse among them. Hence, 5 
it is possible to reset cells having relatively low dis- 
charge start voltages first and to reset cells having rel- 
atively high discharge start voltages second. 
[0063] The method may be configured so that a max- 
imum potential difference between the first and third 10 
electrodes in response to an n+1th reset pulse among 
the plurality of reset pulses is greater than that in re- 
sponse to an nth reset pulse among them. Hence, it is 
possible to reset cells having relatively low discharge 
start voltages first and to reset cells having relatively « 
high discharge start voltages second. 
[0064] The method may be configured so that at least 
one of the potentials of the second electrodes based on 
the respective reset pulses is equal to a potential ot the 
second electrodes set during the address period. 20 
Hence, a simple circuit can be used which controls the 
potential of the second electrodes. 
[0065] The method may be configu red so that at least 
one of the potentials of the third electrodes based on the 
respective reset pulses is equal to a potential of the third 25 
electrodes set during the address period. Hence, a sim- 
ple circuit can be used which controls the potential of 
the third electrodes. 

[0066] The above objects of the present invention are 
also achieved by a device adapted to a plasma display 30 
panel having first and second plates opposite each oth- 
er, wherein first and second electrodes are formed on 
the first plate in parallel and third electrodes are formed 
on the second plate so as to be orthogonal to the first 
and second electrodes, said device comprising: a first 35 
control part which drives the plasma display panel 
wherein one frame of image includes n subfields, and 
each of the n subfields includes a reset period for caus- 
ing an erase discharge to equalize states of wall charges 
in display cells of the panel, an address period for form- 40 
ing wall charges in the display ceils, and a sustain dis- 
charge period for causing a sustain discharge based on 
the wall charges formed during the address period by 
repeatedly applying a sustain discharge pulse to the 
panel; a second control part which consecutively ap- 45 
plies, within the reset period, a plurality of reset pulses 
which erase wall charges and continuously change a 
voltage applied to any of the first, second and third elec- 
trodes in order to cause a discharge at a voltage close 
to a discharge start voltage. Hence, it is possible to sta- so 
bly and certainly erase the wall charges in the cells hav- 
ing different discharge start voltages at voltages close 
to the respective discharge start voltages. 

BRIEF DESCRIPTION OF THE DRAWINGS BS 

[0067] Other objects, features and advantages of the 
present invention will become more apparent from the 



following detailed description when read in conjunction 
with the accompanying drawings, in which: 

Fig. 1 is a schematic plan view of a triple-electrode 
surface discharge AC type plasma display panel; 
Fig. 2 shows a section of the triple-electrode surface 
discharge AC type plasma display panel in the ver- 
tical direction; 

Fig. 3 shows a section of the triple-electrode surface 
discharge AC type plasma display panel in the hor- 
izontal direction; 

Fig. 4 is a waveform diagram showing a convention- 
al driving method; 

Fig. 5 is a time chart of an address discharge/sus- 
tain discharge separation type write address sys- 
tem; 

Fig. 6 is a diagram showing residual wall charges; 
Fig. 7 is another diagram showing residual wall 
charges; 

Fig. 8 is a diagram showing an influence of a very 
weak discharge; 

Fig. 9 is a waveform diagram of drive pulses accord- 
ing to a first embodiment of the present invention; 
Fig. 1 0 is a waveform diagram of drive pulses ac- 
cording to a second embodiment of the present in- 
vention; 

Fig. 11 is a waveform diagram of drive pulses ac- 
cording to a third embodiment of the present inven- 
tion; 

Fig. 1 2 is a waveform diagram of drive pulses ac- 
cording to a fourth embodiment of the present in- 
vention; 

Fig. 13 is a waveform diagram of drive pulses ac- 
cording to a fifth embodiment of the present inven- 
tion; 

Fig. 14 is a waveform diagram of drive pulses ac- 
cording to a sixth embodiment of the present inven- 
tion; 

Fig. 15 is a waveform diagram of drive pulses ac- 
cording to a seventh embodiment of the present in- 
vention; 

Fig. 1 6 is a waveform diagram of drive pulses ac- 
cording to an eighth embodiment of the present in- 
vention; 

Fig. 17 is a waveform diagram of drive pulses ac- 
cording to a ninth embodiment of the present inven- 
tion; 

Fig. 18 is a waveform diagram of drive pulses ac- 
cording to a tenth embodiment of the present inven- 
tion; 

Fig. 1 9 is a waveform diagram of drive pulses ac- 
cording to an eleventh embodiment of the present 
invention; 

Fig. 20 is a waveform diagram of drive pulses ac- 
cording to a twelfth embodiment of the present in- 
vention; 

Fig. 21 is a waveform diagram of drive pulses ac- 
cording to a thirteenth embodiment of the present 
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invention; 

Figs. 22A, 22B and 22C are respectively waveform 
diagrams of drive pulses according to a fourteenth 
embodiment of the present invention; 
Fig. 23 is a waveform diagram of drive pulses ac- 
cording to a fifteenth embodiment of the present in- 
vention; 

Fig. 24 is a waveform diagram of drive pulses ac- 
cording to a sixteenth embodiment of the present 
invention; 

Fig. 25 is a waveform diagram of drive pulses ac- 
cording to a seventeenth embodiment of the 
present invention; 

Fig. 26 is a waveform diagram of drive pulses ac- 
cording to an eighteenth embodiment of the present 
invention; 

Fig. 27 is a waveform diagram showing the principle 
of nineteenth and twelfth embodiments of the 
present invention; 

Fig. 28 is a waveform diagram of drive pulses ac- 
cording to the nineteenth embodiment of the 
present invention; 

Fig. 29 is a waveform diagram of drive pulses ac- 
cording to a variation of the nineteenth embodiment 
of the present invention; 

Fig. 30 is a waveform diagram of drive pulses ac- 
cording to the twentieth embodiment of the present 
invention; 

Fig. 31 is a waveform diagram of drive pulses ac- 
cording to a variation of the twentieth embodiment 
of the present invention; and 
Fig. 32 is a block diagram of a plasma display driv- 
ing apparatus according to an embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0068] A description will be given of embodiments of 
the present invention with reference to the accompany- 
ing drawings. 

[0069] Figs. 9 and 1 0 are respectively waveform dia- 
grams of drive signals according to first and second em- 
bodiments of the present invention. The first and second 
embodiments of the present invention are applied to the 
aforementioned high-contrast drive method. More par- 
ticularly, the whole screen write discharge is not caused 
in subfield SFn+1 . Instead, an erase pulse, which is a 
narrow- width pulse (which has a pulse width equal to or 
less than, for example, 2 u.s), is applied to the X elec- 
trodes in order to erase the wall charges. The narrow- 
width pulse is directed to terminating the application of 
the pulse voltage immediately after the discharge for- 
mation is completed. Most charged particles created at 
the time of discharging remain in the discharge cell 
spaces, and are adhered to the wall charges on the di- 
electric layer in the panel due to electrostatic attracting 
force. Then, the charged particles are recombined on 



the wall surfaces and are thus erased. The above holds 
true for the following embodiments of the present inven- 
tions. 

[0070] It is known that the panel can stably operate 

5 by setting the potentials of the address electrodes dur- 
ing the sustain discharge period in the triple-electrode 
type panel to an intermediate level of the potential dif- 
ference between the X and Y electrodes involved in the 
sustain discharge. Hence, the address electrodes are 

10 maintained at a positive potential during the sustain dis- 
charge period. The use of the intermediate potential is 
also employed at the time of the erase discharge using 
the narrow-width pulse (equal to or less than 2 us). 
[0071] In the first and second embodiments of the 

15 present invention, the erase discharge is caused by ap- 
plying the narrow-width pulse to the address electrodes, 
so that the potentials of the address electrodes at the 
time when the wall charges are formed is set to the po- 
tential difference Va between the electrodes involved in 

20 the sustain discharge. Further, the potential va of the 
address electrodes falls at the same time as the narrow- 
width pulse rises. Furthermore, the potential at the time 
of the neutralizing discharge created by the fall of the 
narrow-width pulse is set to the ground level GND. Thus, 

25 rt is possible to avoid the aforementioned influence of 
the potential of the address electrodes at thetime of the 
erase discharge using the narrow-width pulse. 
[0072] The second embodiment of the present inven- 
tion shown in Fig. 10 corresponds to a variation of the 

30 first embodiment thereof shown in Fig. 9. The wave- 
forms of the drive pulses themselves applied to the X 
and Y electrodes shown in Fig. 10 are different from cor- 
responding those shown in Fig. 9. However, the poten- 
tial difference between the X and Y electrodes used in 

35 the second embodiment is the same as that used in the 
first embodiment, and it can thus be said that the drive 
methods of the first and second embodiments are sub- 
stantially identical to each other. 
[0073] According to the first and second embodi- 

40 ments of the present invention, it is possible to avoid a 
large number of minus (or plus) charges from being ac- 
cumulated by the influence of the potential of the ad- 
dress electrodes and to thus realize the complete eras- 
ing. Hence, the drive voltage margin can be improved. 

45 [0074] Although the first and second embodiments of 
the present invention are applied to the high-contrast 
driving method, the concept of these embodiments is 
not limited thereto. For example, the same effects as 
described above can be obtained in a case where the 

so whole screen write discharge and the erase discharge 
using the narrow-width pulse are caused during the re- 
set periods of all the subfields. Further, the first and sec- 
ond embodiments will be effective to another case 
where only the erase discharge using the narrow-width 

55 pulse is caused without the whole screen write dis- 
charge during the reset periods of all the subfields. 
[0075] Fig. 11 is a waveform diagram of drive pulses 
according to a third embodiment of the present inven- 
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tion, which is exemplarily applied to the high-contrast 
driving method. In the cells involved in the last sustain 
discharge in the nth subfield SFn, plus charges are ac- 
cumulated in the X electrodes, and minus charges are 
accumulated in the Y electrodes. Fig. 11 schematically $ 
shows the number of plus charges accumulated on the 
X electrodes and the number.of minus charges accumu- 
lated on the Y electrodes in order to facilitate under- 
standing how many charges are accumulated thereon. 
In the next subfield SFn+1, the whole screen write dis- 
charge is not caused, but the narrow-width pulse which 
functions as a first erase pulse is applied to the X elec- 
trodes, whereby the wall charges are erased. 
[0076] At that time, if the discharge is started earlier 
than the expected timing due to unevenness of the per- 
formance of the pixels and/or variations in the temper- 
ature condition, wall charges which have the polarity op- 
posite to the polarity which the wall charges have before 
the erasing will be accumulated on the X and Y elec- 
trodes. In Fig. 11 , the wall charges are accumulated on 
the X and Y electrodes although the numbers of these 
wall charges are reduced. 

[0077] According to the third embodiment of the 
present invention, a slope erase pulse SEP, which func- 
tions as a second erase pulse, is used to almost com- 
pletely erase the wall charges. It is preferable that the 
slope erase pulse (second erase pulse) be located so 
as to lag behind the narrow-width pulse (first erase 
pulse) by 10 |is or more. This is because the erase op- 
eration will be executed in an unstable state of charges 
if the interval between the first and second erase pulses 
is less than 10 us. The slope erase pulse is. for example, 
a pulse which is simply generated by the combination 
of a resistance and a panel capacitance and which has 
a comparatively steeply slope portion and a compara- 
tively gentle sbpe portion like an exponential curve. 
[0078] AsshowninFig. 11, very small numbers of wall 
charges remain on the X and Y electrodes after the eras- 
ing operation using the first and second erase pulses. 
Such very small numbers of residual charges do not af- 
fect the subsequent address period. 
[0079] The second erase pulse, namely, the slope 
erase pulse SEP, does not erase the wall charges as 
many as the narrow-width pulse. However, the second 
erase pulse does not cause the polarity inversion of 
charges. For this reason, it is preferable to use the sec- 
ond erase pulse. The second erase pulse, namely, the 
slope erase pulse has a gentle rising slope. The cells 
having respective discharge voltages are individually 
discharged when the voltage of the slope erase pulse 
reaches the respective discharge voltages. Hence, the 
cells receive respective optimal discharge voltages (ap- 
proximately equal to the respective discharge start volt- 
ages). Hence, there is no possibility that polarity-invert- 
ed charges remain in the cells. 
[0080] According to the third embodiment of the 
present invention, it is possible to almost completely 
erase the wall charges during the reset period and to 



thus improve the drive voltage margin. The third embod- 
iment is effective to a case where only the erase dis- 
charge using the narrow-width pulse is caused without 
the whole screen write discharge within the reset period. 
It is also possible to employ, other than the sequential 
combination of the narrow-width pulse and the slope 
erase pulse, other sequential combinations of two nar- 
row-width pulses, two slope erase pulses, and a slope 
erase pulse and a narrow-width pulse. 
[0081] Fig. 1 2 is a waveform diagram of drive pulses 
according to a fourth embodiment of the present inven- 
tion, which is exemplarily applied to the high-contrast 
driving method. More particularly, in the subfield SFn+1 , 
the whole screen write discharge is not caused, but the 
erase pulse which is the narrow-width pulse is applied 
to the X electrodes in order to erase the wall charges. 
As has been described with reference to Fig. 8, the very 
weak discharges occur after the sustain pulses fall in 
the sustain discharge periods. Particularly, the very 
weak discharge which occurs after the last sustain dis- 
charge pulse falls affects the subsequent erase dis- 
charge. 

[0082] According to the fourth embodiment of the 
present invention, the last sustain discharge pulse has 
a comparatively long pulse width, as shown in Fig. 12. 
Hence, the last sustain discharge pulse prevents the 
very weak discharge from occurring after it falls, and the 
erase discharge using the narrow-width pulse can nor- 
mally be caused. The experiments conducted by the in- 
ventors show the last sustain discharge pulse has a 
pulse width equal to or longer than 3 |is in order to pre- 
vent occurrence of a very weak discharge. 
[0083] According to the fourth embodiment, it is pos- 
sible to prevent occurrence of a failure in erasing caused 
by the very weak discharge occurring after the last sus- 
tain discharge pulse falls and to thus improve the drive 
voltage margin. 

[0084] Although the above-mentioned fourth embod- 
iment of the present invention is applied to the high-con- 
trast driving method, the concept thereof is not limited 
thereto. For example, the same effects as described 
above can be obtained in a case where the whole screen 
write discharge and the erase discharge using the nar- 
row-width pulse are caused during the reset periods of 
all the subfields. Further, the fourth embodiment will be 
effective to another case where only the erase dis- 
charge using the narrow-width pulse is caused without 
the whole screen write discharge during the reset peri- 
ods of all the subfields. 

[0085] Fig. 13 is a waveform diagram of drive pulses 
according to a fifth embodiment of the present invention, 
which is exemplarily applied to the high-contrast driving 
method. More particularly, in the subfield SFn+1, the 
whole screen write discharge is not caused, but the 
erase pulse which is the narrow-width pulse is applied 
to the X electrodes in order to erase the wall charges. 
The fifth embodiment has an arrangement in which the 
interval between the last sustain discharge pulse and 
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the narrow- width pulse applied with the reset period of 
the subsequent subtield in which the whole screen dis- 
charge is not caused is as narrow as the interval be- 
tween the sustain discharge pulses within the sustain 
discharge period of the same subfield. $ 
[0086] As has been described with reference to Fig. 
8, the very weak discharge which occurs after the last 
sustain discharge pulse falls affects the subsequent 
erase discharge. However, the very weak discharge 
hardly affects the sustain discharge pulses successively 10 
applied. It appears that the reason why the very weak 
discharge does not affect the sustain discharge is that 
the next pulse is applied immediately after the very weak 
discharge occurs. 

[0087] The fifth embodiment of the present invention *s 
is made taking into consideration the above, the interval 
between the last sustain discharge pulse and the nar- 
row-width pulse applied in the reset period of the sub- 
sequent subfield in which the whole screen discharge is 
not caused is as narrow as the interval between the sus- 20 
tain discharge pulses within the sustain discharge peri- 
od of the same subfield. Preferably, the above interval 
is equal to or less than 2 u.s. 

[0088] As shown in Fig. 13, although the very weak 
discharge takes place after the last sustain discharge 25 
pulse falls, the discharge using the narrow-width pulse 
occurs normally. Hence, the drive voltage margin can 
be improved. 

[0089] Although the fifth embodiment of the present 
invention is applied to the high-contrast driving method, 30 
the concept thereof is not limited thereto. For example, 
the same effects as described above can be obtained 
in a case where the whole screen write discharge is 
caused during the reset periods of all the subfields. In 
this case, the interval between the last sustain discharge 35 
pulse and the whole screen write pulse within the reset 
period in the subsequent subfield is set as narrow as the 
interval between the sustain discharge pulses. Further, 
the fifth embodiment will be effective to another case 
where only the erase discharge using the narrow-width *o 
pulse is caused without the whole screen write dis- 
charge during the reset periods of all the subfields. 
[0090] Fig. 14 is a waveform diagram of drive voltages 
according to a sixth embodiment o1 the present inven- 
tion, which corresponds to the combination of the afore- 45 
mentioned fourth and fifth embodiments. More particu- 
larly, the sixth embodiment has an arrangement in which 
the pulse width of the last sustain discharge pulse is set 
longer than the pulse widths of the remaining sustain 
discharge pulses. In addition, the interval between the so 
last sustain discharge pulse and the narrow-width pulse 
applied within the reset period of the subsequent sub- 
field in which the whole screen discharge is not caused 
is as narrow as the interval between the sustain dis- 
charge pulses within the sustain discharge period. ss 
[0091] The sixth embodiment of the present invention 
includes the concept of the fourth embodiment, and thus 
the very weak discharge does not occur after the last 



sustain discharge pulse falls. Even if the very weak dis- 
charge occurs, the erasing using the narrow-width pulse 
can duly be caused because the sixth embodiment in- 
cludes the concept of the fifth embodiment. Hence, the 
sixth embodiment can more completely cause the erase 
discharge. 

[0092] According to the sixth embodiment of the 
present invention, it is possible to prevent occurrence a 
failure in erasing during the reset period resulting from 
the very weak discharge caused after the last sustain 
discharge puise and to thus improve the drive voltage 
margin. Further, the sixth embodiment is not limited to 
the high-contrast driving method but may be applied to 
cases as described before. 

[0093] Fig. 1 5 is a waveform diagram of drive pulses 
according to a seventh embodiment of the present in- 
vention, in which the whole screen write pulse causing 
the self-erase is applied to the X electrodes within the 
subfield SFn+1 in order to erase the wall charges. 
[0094] The seventh embodiment has an arrangement 
in which the fall of the last sustain discharge pulse and 
the fall of the potential va of the address electrodes oc- 
cur concurrently, so that the wall charges on the address 
electrodes are equalized. The inventors have confirmed 
that the interval between the sustain discharge pulses 
within the sustain discharge period is preferably set 
equal to or less than 1 u,s in order to reduce the wall 
charges on the address electrodes. 
[0095] According to the seventh embodiment of the 
present invention, it is possible to equalize the wall 
charges on the address electrodes and to thus prevent 
occurrence of a failure in erasing during the reset period 
and improve the drive voltage margin. The seventh em- 
bodiment is not limited to the driving method shown in 
Fig. 15 but may be applied to the high-contrast driving 
method. 

[0096] Figs. 16, 17 and 18 are respectively waveform 
diagrams of drive pulses according to eighth, ninth and 
tenth embodiments of the present invention, which are 
applied to the high-contrast driving method. The eighth 
to tenth embodiments of the present invention have an 
arrangement in which a pulse or pulses having the eras- 
ing function, such as the narrow-width pulse, the slope 
erase pulse or both are applied to the electrodes imme- 
diately before the subfield in which the whole screen dis- 
charge should be caused. The use of the pulse or pulses 
contributes to reducing the load on the whole screen dis- 
charge. Hence it is possible to always obtain an identical 
state of the residual wall charges before the whole 
screen write discharge is caused irrespective of the 
lighting state in the immediately previous subfield. 
Hence, it is possible to more completely erase the re- 
sidual wall charges on the address electrodes. 
[0097] As shown in Fig. 1 6, according to the eight em- 
bodiment of the present invention, the erase pulses 
within the reset period in the subfield SFn+1 is the whole 
screen write pulse causing the self-erase. The narrow- 
width pulse is disposed after the sustain discharge pe- 
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riod in the immediately previous subfield SFn. 
[0098] As shown in Fig. 1 7, according to the n inth em- 
bodiment of the present invention, the erase pulse within 
the reset period in the subfield SFn+1 is the whole 
screen write pulse causing the self-erase. The slope 
erase pulse SEP are disposed after the sustain dis- 
charge period in the immediately previous subfield SFn. 
[0099] As shown in Fig. 18, according to the tenth em- 
bodiment of the present invention, the erase pulses 
within the reset period in the subfield SFn+1 are the 
whole screen write pulse causing the self -erase. The 
narrow-width pulse and the slope erase pulse SEP are 
disposed after the sustain discharge period in the im- 
mediately previous subfield SFn. 
[0100] By using the above-mentioned pulses, it is 
possible to obtain an identical state of residual wall 
charges before the whole screen write discharge irre- 
spective of the lighting state in the immediately previous 
subfield. 

[0101] According to the eighth, ninth and tenth em- 
bodiments of the present invention, it is possible to more 
completely erase the residual wall charges on the ad- 
dress electrodes and to thus improve the drive voltage 
margin. 

[0102] Although the above-mentioned eighth to tenth 
embodiments of the present invention are applied to the 
high-contrast driving method, the concept thereof is not 
limited to the high-contrast driving method. For exam- 
ple, the same effects as described above can be ob- 
tained in a case where the whole screen write discharge 
is caused during the reset periods of all the subfields. 
[01 03] Fig. 1 9 is a waveform diagram of drive pulses 
according to an eleventh embodiment of the present in- 
vention, which is exemplarily applied to the high-con- 
trast driving method. In the present embodiment, a fur- 
ther erase discharge is caused before the whole screen 
write discharge is caused, and the voltage to be applied 
to the address electrodes at that time is set equal to 0 
V. By setting the voltage applied to the address elec- 
trodes at the time of erasing to 0 V, it is possible to al- 
ways obtain an identical state of the residual wall charg- 
es before the whole screen write discharge is caused 
and to thus erase the residual wall charges on the ad- 
dress electrodes more completely. Hence, the drive volt- 
age margin can be improved. 
[0104] Although the above-mentioned eleventh em- 
bodiment of the present invention is applied to the high- 
contrast driving method, the concept thereof is not lim- 
ited to the high-contrast driving method. For example, 
the same effects as described above can be obtained 
in a case where the whole screen write discharge is 
caused during the reset periods of all the subfields. 
[0105] Fig. 20 is a waveform diagram of drive pulses 
according to an twelfth embodiment of the present in- 
vention, which is exemplarily applied to the high-con- 
trast driving method. In the present embodiment, a fur- 
ther erase discharge is caused before the whole screen 
write discharge is caused. After the whole screen write 



pulse falls, the narrow-width pulse is applied to the ad- 
dress electrodes. Hence, even if wall charges remain 
after the whole screen write discharge, the residual wall 
charges on the address electrodes can be erased more 

s completely. 

[0106] The experiments conducted by the inventors 
show that the interval between the falling edge of the 
whole screen write pulse and the rising edge of the nar- 
row-width pulse applied to the address electrodes is 

10 preferably equal to or less than 1 0 u.s. 

[0107] According to the twelfth embodiment of the 
present invention, it is possible to more completely 
erase the wall electrodes on the address electrodes by 
the whole screen write pulse causing the self-erase and 

15 to thus improve the drive voltage margin. Further, the 
twelfth embodiment is not limited to the high-contrast 
driving method. 

[0108] Fig. 21 is a waveform diagram of drive pulses 
according to a thirteenth embodiment of the present in- 

20 vention, and particularly shows on ly part of the reset pe- 
riod. The present embodiment has a reset period within 
which an address narrow-width pulse is applied to the 
address electrodes, and the narrow-width pulse which 
continuously changes the applied voltage is applied to 

25 the address electrodes after the whole screen write 
pulse falls. Hence, even if there are residual wall charg- 
es after the whole screen write discharge, the combina- 
tion of the address narrow-width pulse and the slope 
erase pulse further erases the remaining wall charges 

30 on the address electrodes. 

[0109] According to the thirteenth embodiment of the 
present invention, it is possible to more completely 
erase the wall charges on the address electrodes by us- 
ing the whole screen write pulse causing the self -erase, 

35 which is applied within the reset period and to thus im- 
prove the drive voltage margin. The thirteenth embodi- 
ment is not limited to the high-contrast drive method as 
in the case of the aforementioned embodiments. 
[0110] Figs. 22 A, 22B and 22C are respectively dia- 

40 grams of a weighted arrangement of drive pulses ac- 
cording to a fourteenth embodiment of the present in- 
vention, in which the total number of subfields which are 
weighted is 4. More particularly, Fig. 22A shows a case 
where the reset period : the address period and the sus- 

45 tain discharge period are arranged in this order in each 
of the subfields. Fig. 22B shows a case where the ad- 
dress period, the sustain discharge period and the reset 
period are arranged in this order in each of the subfields. 
Fig. 22C shows a case where the reset period (including 

50 the whole screen write pulse), the address period, the 
sustain discharge period and another reset period 
(which does not include the whole screen write pulse) 
in this order in each of the subfields. 
[0111] In the fourteenth embodiment of the present in- 

55 vention, the reset periods, within which the whole screen 
write pulse causing the self-erase is applied, are dis- 
posed after the sustain discharge period which is the 
shortest or longest period. 
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[0112] For example, when the reset periods are dis- 
posed after the shortest sustain discharge periods, 
these reset periods correspond to a reset period 24 in 
the subfield 2 (SF2) shown in Fig. 22A, a reset period 

25 in the subfield 1 (SF1 ) shown in Fig. 22B, and a reset 5 
period 27 located in the trailing end of the subfield 1 
(SF1) shown in Fig. 22C. 

[0113] When the number of subfields in which the 
whole screen write discharge is caused is decreased, 
an increased number of residual wall charges is accu- 10 
mulated on the address electrodes, and the load on the 
reduced number of subfields is increased. The residual 
wall charges are accumulated during the sustain dis- 
charge period. Hence, in order to reduce the load on the 
whole screen write discharge, the sustain discharge pe- « 
riod in the immediately previous subfield is preferably 
shorter. 

[0114] When the reset periods, within the whole 
screen write pulse causing the self -erase is applied, are 
disposed after the longest sustain discharge periods, 20 
these reset periods correspond to a reset period 23 in 
the subfield 1 (SF1) shown in Fig. 22A, a reset period 

26 in the subfield 4 (SF4) shown in Fig. 22B, and a reset 
period 28 located in the trailing end of the subfield 4 
(SF4) shown in Fig. 22C. 25 
[0115] When the number of subfields in which the 
whole screen write discharge is caused is decreased, 

an increased number of residual wall charges is accu- 
mulated on the address electrodes, and the load on the 
reduced number of subfields is increased. The residual 30 
wall charges are accumulated during the sustain dis- 
charge period. Hence, in order to increase the effect of 
the whole screen write discharge, the sustain discharge 
period in the immediately previous subfield is preferably 
longer. 35 
[01 16] According to the fourteenth embodiment of the 
present invention, it is possible to minimize the influence 
of the residual wall charges accumulated on the address 
electrodes during the sustain discharge period and to 
thus erase the wall charges more completely. Thus, the *o 
drive voltage margin can be improved. 
[01 1 7] Fig. 23 is a waveform diagram of drive voltages 
according to a fifteenth embodiment of the present in- 
vention, which is exemplarily applied to the high-con- 
trast driving method. Within a subfield A, a pulse having <s 
the erasing function is applied immediately prior to the 
subfield in which the whole screen write discharge is 
caused, as in the case shown in Fig. 16. 
[0118] According to the fifteenth embodiment, a 
pause period during which no drive pulses are output is so 
used as the self-erasing period to be arranged after the 
whole screen write pulse is applied. Further, the pause 
period is disposed after the subfield A in which both the 
whole screen write discharge and the erasing discharge 
are caused. The pause period thus arranged contributes ss 
to stabilizing the number of wall charges to be reset and 
thus performing the erase discharge more completely. 
[0119] Figs. 24 and 25 respectively waveform dia- 



grams of drive pulses according to sixteenth and sev- 
enteenth embodiments of the present invention, which 
are exemplarily applied to the high-contrast driving 
method. More particularly, Figs. 24 and 25 show only 
parts of the respective reset periods. The sixteenth and 
seventeenth embodiments utilize combinations of a plu- 
rality of erase pulses to be applied within the reset period 
in order to more certainly erase the residual wall dis- 
charges. 

[01 20] Within the reset period shown in Fig. 24(A), the 
narrow-width pulse is applied to the X electrodes, and 
then a slope erase pulse which changes in the positive 
direction (positive pulse) is applied to the Y electrodes. 
Thereafter, another slope erase pulse which changes in 
the negative direction (negative pulse) is applied to the 
Y electrodes. Within the reset period shown in Fig. 24 
(B), the narrow-width pulse is applied to the X elec- 
trodes, and then a slope erase pulse which changes in 
the positive direction is applied to the Y electrodes. 
Thereafter, a rectangular-shaped pulse having a minus 
voltage is applied to the Y electrodes. 
[0121] Within the reset period shown in Fig. 25(A), a 
fourth erase pulse is added to the arrangement shown 
in Fig. 24(A). The fourth erase pulse serves as the sec- 
ond positive slope erase pulse. Within the reset period 
shown in Fig. 25(B), a fourth erase pulse is added to the 
arrangement shown in Fig. 24(B). The fourth erase 
pulse serves as the second positive slope erase pulse. 
[0122] The experiments conducted by the inventors 
show that the second positive slope erase pulse (the 
fourth erase pulse) preferably has a width B bnger than 
the width A of the first positive slope erase pulse (the 
second erase pulse). It has been confirmed that the 
above with relationship provides the more excellent ef- 
fects. In general, it is preferable that the n+1th positive 
slope erase pulse has a width longer than that of the nth 
positive slope erase pulse. 

[0123] The combinations of the erasing pulses de- 
fined according to the sixteenth and seventeenth em- 
bodiments contribute to resetting the residual wall 
charges more certainly before the address selective dis- 
charge is carried out. Hence, the drive voltage margin 
can be improved. 

[0124] Fig. 26 is a waveform diagram of drive pulses 
according to an eighteenth embodiment of the present 
invention, which is exemplarily applied to the high-con- 
trast driving method. More particularly, Fig. 26 shows a 
part of the reset period. The eighteenth embodiment al- 
so utilizes combinations of a plurality of erase pulses to 
be applied within the reset period in order to more cer- 
tainly erase the residual wall discharges. 
[0125] Referring to Fig. 26, the narrow-width pulse is 
applied to the X electrodes, and then a first positive 
slope erase pulse is applied to the Y electrodes. There- 
after, a second positive slope erase pulse is applied to 
the X electrodes. The above combination of the erase 
pulses also contributes to resetting the residual wall 
charges more certainly before the address selective dis- 
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charge is carried out. Hence, the drive voltage margin 
can be improved. 

[01 26] Fig. 27 is a waveform diagram which shows the 
principle of nineteenth and twentieth embodiments of 
the present invention. Within the reset period, two slope 
erase pulses are consecutively applied to the Y elec- 
trodes. The potential of the X electrodes involved in dis- 
charge is raised by a given level with respect to the first 
slope erase pulse, and is returned to the original level 
(0 V, for example) with respect to the second slope erase 
pulse. That is, the potential difference between the X 
and Y electrodes obtained when the first slope erase 
pulse is applied to the Y electrodes is less than that be- 
tween the X and Y electrodes obtained when the second 
slope erase pulse is applied thereto. 
[01 27] A cell B has a discharge start voltage Vf c and 
a cell A has a discharge start voltage Vfa. If the potential 
of the X electrodes Is not raised to the given level but is 
maintained at the original potential, the discharge start 
voilage Vfc of the cell B is located at a point located in 
a steeply portion of the slope erase pulse. A discharge 
delay time t it takes to actually start the discharge after 
the discharge start voltage is applied is constant. Hence, 
the discharge will actually be started at a voltage much 
higher than the discharge start voltage V. In this case, 
the wall charges cannot be erased completely or wall 
charges having the inverted polarity may be created. In 
short, it is required that there be a slight difference be- 
tween the discharge start voltage and the voltage at 
which the discharge is actually started. 
[01 28] While the f i rst positive slope erase pu Ise is ap- 
plied, the potential of the X electrodes is raised by the 
given level. Hence, the discharge start voltage Vfc of the 
cell B is shifted to a gentle slope portion of the pulse 
waveform, and is approximately equal to the voltage at 
which the discharge is actually started. 
[0129] It may be difficult to erase the wall charges of 
the cell A because the A has the comparatively high dis- 
charge start voltage Vfa (> Vfc). That is, the maximum 
potential difference between the X and Y electrodes ob- 
tained when the first positive slope erase pulse is ap- 
plied to the X electrode is equal to Vs - (Vfa - Vfb) where 
Vs is the highest level of the first and second positive 
slope erase pulses, and is insufficient to reset the cell 
A. The second positive slope erase pulse is provided to 
erase the wall charges In the cells having comparatively 
high discharge starting voltages. Hence, as long as the 
second positive slope erase pulse is applied, the poten- 
tial of the X electrodes is maintained at the original level 
(0 V, for example), so that the maximum potential differ- 
ence between the X and Y electrodes can be increased 
(to Vs at maximum). Hence, the cells A can be reset 
certainly. 

[01 30] A description will be given of embodiments of 
the present invention based on the above principle. 
[0131] Fig. 28 is a waveform diagram of drive pulses 
according to the nineteenth embodiment of the present 
invention. As shown in Fig. 28, two consecutive slope 



erase pulses are applied to the Y electrodes Yj - Y N . 
The two slope erase pulses have an identical waveform. 
That is. the two slope erase pulses have an identical 
voltage slope. Alternatively, the two slope erase pulses 
s may have different waveforms. During the discharge for 
erasing the wall charges, the Y electrodes serve as an- 
ode electrodes, and the X electrodes serve as cathode 
electrodes. 

[0132] Within the reset period, the potential of the X 
io electrodes is set to the aforementioned priming voltage 
Vx (used within the address period) while the first slope 
erase pulse is applied to the Y electrodes, and is set to 
0 V while the second slope erase pulse is applied there- 
to. The use ot the priming voltage Vx is attractive be- 
is cause there is no need to provide a new voltage source 
in practice. Of course, the potential of the X electrodes 
to be set while the first slope erase pulse is applied is 
not limited to the priming voltage but can be set to an- 
other appropriate voltage. The maximum potential dif- 
20 ference between the X and Y electrodes is equal to Vs 
- Vw when the first slope erase pulse is applied, and is 
equal to Vs (> Vs - Vx) when the second slope erase 
pulse is applied. 

[01 33] Fig. 29 shows a variation of the nineteenth em- 
25 bodiment of the present invention. The variation shown 
in Fig. 29 is characterized as follows. A third positive 
slope erase pulse is applied to the Y electrodes Y n - Y N . 
The potential of the X electrodes is set to Vx1 while the 
first slope erase pulse is applied, and is set to Vx2 (Vx1 
30 > Vx2 > 0V) while the second slope erase pulse is ap- 
plied. While the third slope erase pulse is applied, the X 
electrodes are set to 0 V. Hence, the maximum potential 
difference between the X and Y electrodes can be in- 
creased in stepwise formation. Hence, all the cells can 
35 be reset more certainly. If Vx1 = Vx, only a voltage 
source which generates the voltage Vx2 will be needed 
in practice. 

[01 34] A description will be given of the twentieth em- 
bodiment of the present invention with reference to Fig. 

40 30. The present embodiment is directed to an arrange- 
ment in which a discharge is caused between the Y elec- 
trodes and the address electrodes in order to erase the 
wall charges. The Y electrodes serve as anode elec- 
trodes, and the address electrodes serve as cathode 

45 electrodes. The twentieth embodiment differs from the 
nineteenth embodiment in that the twentieth embodi- 
ment uses the address electrodes, not the X electrodes. 
However, the principle of the twentieth embodiment is 
the same as that of the nineteenth embodiment. 

so [01 35] Within the reset period, two slope erase pulses 
are consecutively applied to the Y electrodes Y-, - Y N . 
The two slope erase pulses have an identical waveform. 
That is, the two slope erase pulses have an identical 
voltage slope. Alternatively, the two slope erase pulses 

55 may have different waveforms. 

[0136] The potentials of the address electrodes are 
set to the aforementioned address voltage Va while the 
first slope erase pulse is applied, and are set to 0 V for 
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the second slope erase pulse is applied. When the ad- 
dress voltage Va is used, there is no need for a new 
voltage source in practice. However, the address elec- 
trodes may be set to an appropriate potential other than 
the address voltage Va while the first slope erase pulse s 
is applied. The maximum potential difference between 
the address electrodes and the Y electrodes is equal to 
Vs - Va while the first slope erase pulse is applied, and 
is equal to Vs (> Vs - Va) while the second slope erase 
pulse is applied. 10 
[0137] The potentials of the X electrodes within the 
period in which the slope erase pulses are consecutively 
applied thereto are set to Vx used within the address 
period. 

[0138] Fig. 31 is a waveform diagram of drive pulses is 
according to a variation of the twentieth embodiment of 
the present invention. In the present variation, three 
slope erase pulses are consecutively applied to the Y 
electrodes Y, - Y N . The potentials of the address elec- 
trodes are set to a voltage Val while the first slope erase 20 
pulse is applied to the Y electrodes, and are set to a 
voltage va2 (Vat > Va2 > 0 V) while the second slope 
erase pulse is applied thereto. Further, the potentials of 
the address electrodes are set to 0 V while the third 
slope erase pulse is applied to the Y electrodes. Hence, 
the maximum potential difference between the address 
electrodes and the Y electrodes are increased in step- 
wise formation. Hence, it is possible to reset all the cells 
more certainly. In this case, if Va1 is set equal to Va, it 
is required to newly generate only the vottage \fcs. 
[0139] Fig. 32 is a block diagram of a plasma display 
drive device configured according to the present inven- 
tion. The apparatus shown in Fig. 32 drives the afore- 
mentioned triple-electrode surface discharge AC type 
plasma display. 

[0140] The address electrodes are connected to an 
address driver 31 , which apply the address pulses to the 
respective address electrodes at the time of the address 
discharge. The Y electrodes are connected to a Y scan 
driver 34, to which a Y common driver 33 is connected. 
The pulsesatthe time of the address discharge are gen- 
erated by the Y scan driver 34. The sustain discharge 
pulses are generated by the Y common driver 33, and 
are applied to the Y electrodes via the Y scan driver 34. 
[0141] An SEP (slope erase pulse) driver 42 applies 
the slope erase pulses to the Y electrodes via a resistor 
43 and the Y scan driver 34. The waveforms of the slope 
erase pulses are determined by the resistance R of the 
resistor 43 and the panel capacitance C, and have an 
exponential curve defined by the following expression: 

V=e -<VCR> 

[0142] The X electrodes are commonly connected 
and form respective display lines. An X common drier 
32 generates the whole screen write pulse and the sus- 
tain discharge pulses. 



[01 43] The X common driver 32, the Y common driver 
33 and the Y scan driver 34 are controlled by a control 
circuit 35, which is controlled by synchronizing signals 
(a vertical synchronizing signal VSYNC and a horizontal 
synchronizing signal HSYNC) and a display data signal 
DATA, these signals being externally supplied. 
[0144] The control circuit 35 includes a display data 
control part 36 and a panel drive control part 38. A drive 
waveform pattern ROM 41 is connected to the control 
part 35. The display data DATA externally supplied is 
stored in a frame memory 37 within the display data con- 
trol part 36 In synchronism with a dot clock CLOCK ex- 
ternally supplied, and is then output to the address driver 
31 as a control signal. The panel drive control part 38 is 
equipped with a scan driver control part 39 and a com- 
mon driver control part 40. The panel drive control part 
38 operates in synchronism with the vertical synchro- 
nizing signal VSYNC and the horizontal synchronizing 
signal HSYNC and in accordance with waveform data 
of drive pulses stored in the drive waveform pattern 
ROM 41 . The drive waveform pattern ROM 41 stores 
patterns of the drive pulses applied to the address elec- 
trodes, the X electrodes and the Y electrodes in any of 
the aforementioned first through twentieth embodi- 
ments of the present invention. The panel drive control 
part 38 reads the waveform data from the drive wave- 
form pattern ROM 41 in accordance with the vertical 
synchronizing signal VSYNC and the horizontal syn- 
chronizing signal HSYNC, and thus controls the drivers 
32, 33, 34 and 42. 

[0145] The aforementioned embodiments of the 
present invention and variations thereof can arbitrarily 
be combined. 

[01 46] According to the present invention, the follow- 
ing advantages can be obtained. 
[0147] In the high-contrast driving in which the erase 
discharge is caused only during the reset period except 
for some subfields, an improved drive voltage margin 
can be obtained by applying the narrow-width pulse 
which erases only the cells which are lighted in the im- 
mediately previous subfiekJ. 

[0148] More particularly, it is possible to avoid a large 
number of minus charges from being accumulated due 
to the influence of the address electrodes and to perform 
the erasing more completely. 
[0149] In the erase operation during the reset period, 
the almost complete erasing operation can be realized 
without any failure in erasing. 

[0150] It is also possible to prevent occurrence of a 
failure in erasing during the reset period caused by a 
very weak discharge after the last sustain discharge 
pulse falls. 

[0151] it is also possible to erase the charges more 
completely even if a very weak discharge takes place 
after the last sustain discharge pulse falls. 
[0152] It is also possible to erase the electrodes on 
the address electrodes due to the whole screen write/ 
self -erasing pulse applied within the reset period. 
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[0153] It is also possible to minimize the influence of 
the residual wall charges accumulated on the address 
electrodes during the sustain discharge period and to 
thus perform the erasing operation more completely. 
[0154] By consecutively applying a plurality of reset 
or erase pulses to given electrodes, it is possible to 
erase the wall charges in the cells having different dis- 
charge start voltages more stably and more certainly at 
the voltages close to the respective discharge start volt- 
ages. 

[0155] The different maximum potential differences 
between the three different electrodes are defined, so 
that the wall charges of the cells having the different dis- 
charge start voltages can stably and certainly be reset 
at voltages close to the respective discharge start volt- 
ages. 

[0156] It is also possible to simply configure a circuit 
which generates the reset pulses. 
[01 57] It is also possible to reset cells having compar- 
atively low discharge start voltages first and then reset 
remaining cells having comparatively high discharge 
star voltages second. 

[0158] It is possible to simply configure a circuit which 
controls the X and Y electrodes. 
[01 59] The present invention is not limited to the spe- 
cifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
scope of the present invention. 



Claims 

1 . A method for driving a plasma display panel having 
first and second plates opposite each other, where- 
in first and second electrodes are formed on the first 
plate in parallel and third electrodes are formed on 
the second plate so as to be orthogonal to the first 
and second electrodes, and wherein one frame of 
image includes n subfields, and each of the n sub- 
fields includes a reset period for causing an erase 
discharge to equalize states of wall charges in dis- 
play cells of the panel, an address period for forming 
wall charges in the display cells, and a sustain dis- 
charge period for causing a sustain discharge 
based on the wall charges formed during the ad- 
dress period by repeatedly applying a sustain dis- 
charge pulse to the panel, said method comprising 
the steps of: 

applying, within a subfield among the n sub- 
fields, a narrow-width pulse having a pulse 
width equal to or less than 2 u.s to the first elec- 
trodes in order to cause the erase discharge; 
and 

applying a voltage pulse to the third electrodes 
so that the voltage pulse falls at the same time 
as the narrow-width pulse falls. 



2. The method as claimed in claim 1 , wherein: 

the n subfields include a subfield A during which 
a whole screen discharge and the erase dis- 

5 charge are both caused, and a subfield B during 

which the erase discharge is caused without 
causing the whole screen discharge; and 
the erase discharge during the reset period of 
at least the subfield B is caused by the narrow- 

10 width pulse. 

3. A method for driving a plasma display panel where- 
in one frame of image includes n subfields, and 
each of the n subfields includes a reset period for 

is causing an erase discharge to equalize states of 
wall charges in display cells of the panel, an ad- 
dress period for forming wall charges in the display 
cells, and a sustain discharge period tor causing a 
sustain discharge based on the wall charges 

20 formed during the address period by repeatedly ap- 
plying a sustain discharge pulse to the panel, said 
method comprising the steps of: 

applying, within the reset period, a narrow- 
25 width pulse having a pulse width equal to or less 

than 2 |is to the first electrodes in order to cause 
a first erase discharge; and 
applying, within the reset period, an erase pulse 
to the second electrodes in order to cause a 
30 second erase discharge, the erase pulse con- 

tinuously changing a voltage applied to the sec- 
ond electrodes. 

4. The method as claimed in claim 3, wherein an in- 
35 terval between the narrow-width pulse and the 

erase pulse is equal to or greater than 10 u,s. 

5. A method for driving a plasma display panel where- 
in one frame of image includes n subfields, and 

40 each of the n subfields includes a reset period for 
causing an erase discharge to equalize states of 
wall charges in display cells of the panel, an ad- 
dress period for forming wall charges in the display 
cells, and a sustain discharge period for causing a 

45 sustain discharge based on the wall charges 
formed during the address period by repeatedly ap- 
plying a sustain discharge pulse to the panel, said 
method comprising the step of: 

repeatedly applying, within a given subfield 

so among the n subfields, the sustain discharge pulse 
so that a last sustain discharge pulse within the sus- 
tain discharge period has a pulse width longer than 
remaining sustain discharge pulses applied within 
the sustain discharge period. 

55 

6. The method as claimed in claim 5, wherein: 

the n subfields include a subfield A during which 
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a whole screen discharge and the erase dis- 
charge are both caused, and a subfield B during 
which the erase discharge is caused without 
causing the whole screen discharge; and 
said given subfield is disposed immediately be- s 
fore the subfield B. 

7. A method for driving a plasma display panel where- 
in one frame of image includes n subfields, and 
each of the n subfields includes a reset period for io 
causing an erase discharge to equalize states of 
wall charges In display cells of the panel, an ad- 
dress period for forming wall charges in the display 
cells, and a sustain discharge period for causing a 
sustain discharge based on the wall charges is 
formed during the address period by repeatedly ap- 
plying a sustain discharge pulse to the panel, said 
method comprising the step of: 

applying, within a given subfield among the n 
subfields, an erase pulse for causing the erase dis- 20 
charge within the reset period at a first interval from 
a last sustain discharge pulse in the subfield located 
immediately before the given subfield, said first in- 
terval being equal to a second interval at which sus- 
tain discharge pulses repeatedly applied are ar- 25 
ranged. 

8. The method as claimed in claim 7, wherein: 

the n subfields include a subfield A during which 30 
a whole screen discharge and the erase dis- 
charge are both caused, and a subfield B during 
which the erase discharge is caused without 
causing the whole screen discharge; and 
said given subfield corresponds to the subfield 35 
B. 

9. The method as claimed in claim 7, wherein an in- 
terval between the erase pulse in the subfield Band 

the last sustain discharge pulse located immediate- *o 
ly before said subfield B is equal to or less than 2 \xs. 

10. A method for driving a plasma display panel where- 
in one frame ot image includes n subfields, and 
each of the n subfields includes a reset period for 
causing an erase discharge to equalize states of 
wall charges in display cells of the panel, an ad- 
dress period for forming wall charges in the display 
cells, and a sustain discharge period for causing a 
sustain discharge based on the wall charges so 
formed during the address period by repeatedly ap- 
plying a sustain discharge pulse to the panel, said 
method comprising the step of: 

applying a voltage pulse to the third elec- 
trodes so that the voltage pulse falls at the same ss 
time as a last sustain discharge pulse is applied 
within the sustain discharge period of a subfield lo- 
cated immediately before the reset period of a sub- 



field within which no whole screen write discharge 
is caused. 

11 . A method for driving a plasma display panel where- 
in one frame of image includes n subfields, and 
each of the n subfields includes a reset period for 
causing an erase discharge to equalize states of 
wall charges in display cells of the panel, an ad- 
dress period for forming wall charges in the display 
celts, and a sustain discharge period lor causing a 
sustain discharge based on the wall charges 
formed during the address period by repeatedly ap- 
plying a sustain discharge pulse to the panel, said 
method comprising the step of: 

repeatedly applying the sustain discharge 
pulse within the sustain discharge period at an in- 
terval equal to or less than 1 us. 

12. A method for driving a plasma display panel having 
first and second plates opposite each other, where- 
in first and second electrodes are formed on the first 
plate in parallel and third electrodes are formed on 
the second plate so as to be orthogonal to the first 
and second electrodes, and wherein one frame of 
image includes n subfields, and each of the n sub- 
fields includes a reset period for causing an erase 
discharge to equalize states of wail charges in dis- 
play cells of the panel, an address period for forming 
wall charges in the display cells, and a sustain dis- 
charge period for causing a sustain discharge 
based on the wall charges formed during the ad- 
dress period by repeatedly applying a sustain dis- 
charge pulse to the panel, said method comprising 
the step of: 

causing, within the reset period of a subfield 
A among the n subfields, both a whole screen write 
discharge and the erase discharge so that the erase 
discharge is caused first and the whole screen write 
discharge is caused second. 

13. The method as claimed in claim 1 2, further compris- 
ing the step of causing, within the reset period of a 
subfield B among the n subfields, only the erase dis- 
charge without the whole screen discharge. 

14. The method as claimed in claim 1 2, further compris- 
ing the step of causing the erase discharge before 
the whole screen write discharge by repeatedly ap- 
plying a narrow-width pulse having a pulse width 
equal to or less than 2 us to the first electrodes or 
repeatedly applying an erase pulse continuously 
changing a voltage applied to the second elec- 
trodes or by repeatedly applying both the narrow- 
width pulse and the erase pulse. 

15. The method as claimed in claim 12, wherein: 

the erase discharge is caused within the reset 
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period before the whole screen write discharge 
is caused; and 

a voltage of 0 V is applied to the third electrodes 
when the erase discharge is caused. 

16. The method as claimed in claim 15, wherein the n 
subfields include a subfield A during which the 
whole screen discharge and the erase discharge 
are both caused during the reset period, and a sub- 
field B during which the erase discharge is caused 
without causing the whole screen discharge during 
the reset period. 

17. A method for driving a plasma display panel having 
first and second plates opposite each other, where- 
in first and second electrodes are formed on the first 
plate in parallel and third electrodes are formed on 
the second plate so as to be orthogonal to the first 
and second electrodes, and wherein one frame of 
image includes n subfields, and each of the n sub- 
fields includes a reset period for causing an erase 
discharge to equalize states of wall charges in dis- 
play cells of the panel, an address period for forming 
wall charges in the display cells, and a sustain dis- 
charge period for causing a sustain discharge 
based on the wall charges formed during the ad- 
dress period by repeatedly applying a sustain dis- 
charge pulse to the panel, said method comprising 
the step of: 

causing, within the reset period of a subfield 
A among the n subfields, both a whole screen write 
discharge and the erase discharge by applying a 
narrow-width pulse equal to or less than 2 u,s to the 
third electrodes to cause the erase discharge after 
a whole screen write pulse causing the whole 
screen write discharge falls. 

1 8. The method as claimed in claim 1 7, further compris- 
ing the step of applying the narrow-width pulse to 
the third electrodes within 10 u.s after the whole 
screen pulse falls. 

19. The method as claimed in claim 17, further compris- 
ing the step of applying, within the reset period, an 
erase pulse continuously changing a voltage ap- 
plied to the second electrodes after the whole 
screen write pulse falls. 

20. A method for driving a plasma display panel where- 
in one frame of image includes n subfields weight- 
ed, and each of the n subfields includes a reset pe- 
riod for causing an erase discharge to equalize 
states of wall charges in display cells of the panel, 
an address period for forming wall charges in the 
display cells, and a sustain discharge period for 
causing a sustain discharge based on the wall 
charges formed during the address period by re- 
peatedly applying a sustain discharge pulse to the 
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panel, the sustain discharge period of each of the n 
subfields being based on weighting applied thereto, 
said method comprising the steps of: 

causing, within the reset period of a subfield A 
among the n subfields, both a whole screen 
write discharge and the erase discharge; and 
causing, within the reset period of a subfield B 
among the n subfields, the erase discharge 
without the whole screen write discharge, 
the reset period within which both the whole 
screen write discharge and the erase discharge 
are caused being disposed after a shortest sus- 
tain discharge period defined by the weighting. 



21 . A method for driving a plasma display panel where- 
in one frame of image includes n subfields weight- 
ed, and each of the n subfields includes a reset pe- 
riod for causing an erase discharge to equalize 

20 states of wall charges in display cells of the panel, 
an address period for forming wall charges in the 
display cells, and a sustain discharge period for 
causing a sustain discharge based on the wall 
charges formed during the address period by re- 

25 peatedly applying a sustain discharge pulse to the 
panel, the sustain discharge period of each of the n 
subfields being based on weighting applied thereto, 
said method comprising the steps of: 
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causing, within the reset period of a subfield A 
among the n subfields, both a whole screen 
write discharge and the erase discharge; and 
causing, within the reset period of a subfield B 
among the n subfields, the erase discharge 
without the whole screen write discharge, 
the reset period within which both the whole 
screen write discharge and the erase discharge 
are caused being disposed after a longest sus- 
tain discharge period defined by the weighting. 



22. A method for driving a plasma display panel where- 
in onef rame of image includes n subfields weighted 
and a pause period during which no drive pulses 
are output, and each of the n subfields includes a 

45 reset period for causing an erase discharge to 
equalize states of wall charges in display cells of 
the panel, an address period for forming wall charg- 
es in the display cells, and a sustain discharge pe- 
riod for causing a sustain discharge based on the 

50 wall charges formed during the address period by 
repeatedly applying a sustain discharge pulse to the 
panel, the sustain discharge period of each of the n 
subfields being based on weighting applied thereto, 
said method comprising the step of: 

55 

causing, within the reset period of a subfield A 
among the n subfields, both a whole screen 
write discharge and the erase discharge, 
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said pause period being a self-erasing period 
after a whole screen write pulse for causing the 
whole screen write discharge is caused. 

23. The method as claimed in claim 22, further compris- s 
ing the step of causing, within the reset period of a 
subfield B among the n subfields, the erase dis- 
charge without the whole screen write discharge, 
the pause period being located after the subfield A. 

70 

24. A method for driving a plasma display panel having 
first and second plates opposite each other, where- 
in first and second electrodes are formed on the first 
plate in parallel and third electrodes are formed on 
the second plate so as to be orthogonal to the first « 
and second electrodes, and wherein one frame of 
image includes n subfields, and each of the n sub- 
fields includes a reset period for causing an erase 
discharge to equalize states of wall charges in dis- 
play cells of the panel, an address period for forming 20 
wall charges in the display cells, and a sustain dis- 
charge period for causing a sustain discharge 
based on the wall charges formed during the ad- 
dress period by repeatedly applying a sustain dis- 
charge pulse to the panel, said method comprising 25 
the 6teps of: 

applying, within the reset period, a narrow- 
width pulse having a pulse width equal toor less 
than 2 u,s to the first electrodes; and 30 
applying, within the reset period, erase pulses 
continuously changing a voltage applied to the 
second electrodes so that a first erase pulse 
continuously changing the voltage in a positive 
direction is applied after the narrow-width pulse 35 
is applied, and then a second erase pulse con- 
tinuously changing the voltage in a negative di- 
rection or an erase pulse in the negative direc- 
tion is applied to the second electrodes. 

40 

25. The method as claimed in claim 24, further compris- 
ing the step of applying a third erase pulse contin- 
uously changing the voltage in the positive direc- 
tion. 

45 

26. The method as claimed in claim 25, wherein an 
n+1th erase pulse has a pulse width longer than that 
of an nth erase pulse. 

27. A method for driving a plasma display panel having so 
first and second plates opposite each other, where- 
in first and second electrodes are formed on the first 
plate in parallel and third electrodes are formed on 

the second plate so as to be orthogonal to the first 
and second electrodes, and wherein one frame of 55 
image includes n subfields, and each of the n sub- 
fields includes a reset period for causing an erase 
discharge to equalize states of wall charges in dis- 



play cells of the panel, an address period for forming 
wall charges in the display cells, and a sustain dis- 
charge period for causing a sustain discharge 
based on the wall charges formed during the ad- 
dress period by repeatedly applying a sustain dis- 
charge pulse to the panel, said method comprising 
the steps of: 

applying, within the reset period, a narrow- 
width pulse having a pulse width equal to or less 
than 2 \is to the first electrodes; and 
applying, within the reset period, erase pulses 
continuously changing a voltage applied to the 
second electrodes so that a first erase pulse 
continuously changing the voltage in a positive 
direction is applied after the narrow-width pulse 
is applied, and then a second erase pulse con- 
tinuously changing the voltage in a position di- 
rection is applied to the first electrodes. 

28. A method for driving a plasma display panel having 
first and second plates opposite each other, where- 
in first and second electrodes are formed on the first 
plate in parallel and third electrodes are formed on 
the second plate so as to be orthogonal to the first 
and second electrodes, and wherein one frame of 
image includes n subfields, and each of the n sub- 
fields includes a reset period for causing an erase 
discharge to equalize states of wall charges in dis- 
play cells of the panel, an address period for forming 
wall charges in the display cells, and a sustain dis- 
charge period for causing a sustain discharge 
based on the wall charges formed during the ad- 
dress period by repeatedly applying a sustain dis- 
charge pulse to the panel, said method comprising 
the step of: 

consecutively applying, within the reset peri- 
od, a plurality of reset pulses which erase wall 
charges and continuously change a voltage applied 
to any of the first, second and third electrodes in 
order to cause a discharge at a voltage close to a 
discharge start voltage. 

29. The method as claimed in claim 28, further compris- 
ing the steps of: 

applying the plurality of reset pulses to the first 
electrodes; and 

setting the second voltages to different poten- 
tials respectively corresponding to the plurality 
of reset pulses. 

30. The method as claimed in claim 28, further compris- 
ing the steps of: 

applying the plurality of reset pulses to the first 
electrodes; and 

setting the third voltages to different potentials 
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respectively corresponding to the plurality of re- 
set pulses. 

31. The method as claimed in any of claims 28, wherein 
the plurality of reset pulses have an identical volt- 5 
age slope. 

32. The method as claimed in claim 29, wherein a max- 
imum potential difference between the first and sec- 
ond electrodes in response to an n+1th reset pulse 10 
among the plurality of reset pulses is greater than 
that in response to an nth reset pulse among them. 

33. The method as claimed in claim 30, wherein a max- 
imum potential difference between the first and third is 
electrodes in response to an n+1th reset pulse 
among the plurality of reset pulses is greater than 
that in response to an nth reset pulse among them. 

34. The method as claimed in claim 29, wherein at least 20 
one of the potentials of the second electrodes 
based on the respective reset pulses is equal to a 
potential of the second electrodes set during the ad- 
dress period. 

25 

35. The method as claimed in claim 30, wherein at least 
one of the potentials of the third electrodes based 
on the respective reset pulses is equal to a potential 
of the third electrodes set during the address period. 

30 

36. A device adapted to a plasma display panel having 
first and second plates opposite each other, where- 
in first and second electrodes are formed on the first 
plate in parallel and third electrodes are formed on 

the second plate so as to be orthogonal to the first 35 
and second electrodes, said device comprising: 

a first control part which drives the plasma dis- 
play panel wherein one frame of image includes 
n subfields, and each of the n subfields includes *o 
a reset period for causing an erase discharge 
to equalize states of wall charges in display 
cells of the panel, an address period for forming 
wall charges in the display cells, and a sustain 
discharge period for causing a sustain dis- *s 
charge based on the wall charges formed dur- 
ing the address period by repeatedly applying 
a sustain discharge pulse to the panel; 
a second control part which consecutively ap- 
plies, within the reset period, a plurality of reset s° 
pulses which erase wall charges and continu- 
ously change a voltage applied to any of the 
first, second and third electrodes in order to 
cause a discharge at a voltage close to a dis- 
charge start voltage. 55 
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